A new vection illusion is reported. Vection was induced even though there was no consciously perceived global display motion corresponding to the self-motion. The resulting experience can be summarised as: ``I feel that I am moving but I do not know why''.
Ten naive volunteers participated in this experiment. The vection testing session consisted of 12 trials (3 replications of each of the four stimulus conditions). In each of these trials, subjects reported both the presence of vection and its direction by pressing a corresponding button. In the perceived global-motion testing session, subjects reported the perceived direction of any global motion by pressing a corresponding button. The stimulus duration for trials in both testing sessions was 30 s.
We found that perceived motion was reported in the correct direction for the longest period of time for the high-contrast (ie 40%) global-motion displays (for, on average, 25 s out of the total 30 s). However, correct motion direction reporting declined as the contrast of the global motion was reduced (figure 2). The ratio between the durations of correct and incorrect motion direction reporting fell to $1 X 3 when the contrast was reduced to 4%. Since this represents change performance (ie there were four possible global-motion directions), this finding confirms that observers were unaware of the hidden global motion in this particular condition.
Vection was expected to be induced by the display's global motion and occur in the opposite direction to this component of the display motion (at least in conditions where this global-motion component was visible). As with perceived motion, correct vection direction reporting was found to decline when the contrast of the global motion was reduced (figure 3). However, performance was still better than chance in both the 4% and the 8% contrast conditions. This finding suggests that vection direction can be altered by global motion even when we are not aware of this motion. Interestingly, it did not appear to matter whether the observer was aware or not of the global display motion in terms of initially inducing vection. Vection onset latency was approximately 12 s for all three of the global-motion contrast conditions tested (ie 40%, 8%, and 4%). However, our Mondrian-based motion stimuli appeared to generate weaker vection (longer onsets and shorter durations) than the explicit motion stimuli we have tested previously (eg Seno et al 2011) . In the`no global motion' condition, the total vection duration was only 1.7 s on average. The rather short vection durations found in this condition suggest that the global motion is likely to be the main factor in inducing vection (even if it is not consciously visible to the observer).
The stimulus we used in this experiment was designed on the basis of the findings of a series of pilot experiments. In the first of these pilot experiments we examined a luminance-defined moving grating (identical to the hidden global-motion stimulus used in the main experiment but without the many small masks). We reduced the contrast of this grating display until the direction of its global motion could no longer be detected. However, the contrast of this display was then too low (0.05%) to induce any vection. In another pilot experiment we varied the strength of the global-motion signal provided by a vertically moving dot pattern (by replacing dots moving in the same direction with randomly moving dots). However, again, when the global-motion direction could no longer be detected, the display was not able to induce any vection. By contrast, in our Mondrian-based motion displays, vection could be still induced even when the global-motion direction was no longer consciously detected (ie when the contrast was 4%). The global motion we used would normally be (i) consciously perceived and (ii) serve as a strong vection stimulus. Even though subjects were unaware of this global motion when it was superimposed on strong local masking motions, this`hidden' global motion was still able to induce vection. This is the reason why we succeeded in inducing vection without global-motion awareness. We additionally measured the horizontal eye positions of two head-fixed observers as they viewed these stimuli. We found that eye position was biased by approximately 2.5 deg on average (over the first 10 s exposure to the motion display) in the direction of the global motion for both 4% and 40% contrast displays). This bias in eye position was absent in the no-global-motion condition (0%) ( figure 4) . These findings suggest that even though the observer was not aware of the 4% contrast global motion, it was detected correctly by his/her oculomotor systems and could still modulate vection.
We propose that vection is supported by at least two pathways: a conscious pathway based on global-motion perception and a subconscious pathway which involves oculomotor modulation (figure 5). Optic-flow-based self-motion displays not only generate conscious perceptions of motion and self-motion, but they also provide important information for the control of self-motion. When viewing such a display, conscious perceptions of motion, vection, and control based effects (optokinetic eye movements, visually induced postural sway) all normally co-occur. However, here we present a special case where vection occurs in the absence of any conscious global-motion perception. In addition, Brandt et al (1974) previously showed that vection can persist even after the visual motion stimulus has ceased because of oculomotor modulation (it appeared to be based on optokinetic nystagmus and afternystagmus). Thus, not only by the conscious motion perception pathway, vection was instead induced via the other motor control pathway. This proposal is compatible with recent findings that second-order oscillatory motion does not enhance vection strength even when it is fully perceived (Seno and Palmisano, in press) . We can say that the perceived motion does not always determine vection strength. In future studies, the modulation of subconscious pathway should be further examined.
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